Since 1971, 6$8 consecutive carotid endarterectojnies were performed in 612 patients in a commun.ity-based teaching hospital by 16 surgeons; 82% of the procedures were performed in patients who had suffered a transient ischemic attack, amaurosis fugax, or a previous stroke. Seven patients (1%) died, five of perioperative stroke and two of myocardial infarction. Thirty-one patients suffered a perioperative stroke (4.5% of the 688 endarterectomies); 20 patients (2.9% of 688) were left with moderate to severe neurologic deficits. The combined mortality/major neurologic deficit morbidity rate (number of patients -s-number of endarterectomies) is 3.2%. Both operative mortality and morbidity have progressively declined in successive 5-year periods, with no deaths and a 2.7% stroke rate in 148 endarterectomies performed after 1984. Our results indicate that carotid endarterectomy as practiced in a community-based teaching hospital can be performed without excessive risk. (Stroke 1988;
D eath and disability related to stroke remain one of the most important public health problems in the United States today. Even though the stroke rate is declining by approximately 6% annually, more than 150,000 Americans die each year of stroke. Many of the estimated 2 million people disabled by stroke are in their economically productive years. The total cost to the nation was estimated at 12.8 billion dollars in 1987. ' The role of carotid endarterectomy in the prevention of stroke has come under increasing scrutiny. It is estimated that more than 100,000 carotid endarterectomies are performed annually in the United States, at a cost in excess of 1.2 billion dollars. 2 Many surgeons have achieved excellent results with low morbidity and mortality rates, and many centers also report excellent results. However, the overall results of surgery may be substantially worse than those reported in the best series. Communitybased studies appear to indicate that morbidity and mortality rates, although declining, are still excessive for some groups of patients. 3 Because of allegations of high morbidity and mortality rates, all institutions in which carotid endarterectomy is performed have been challenged to review their results. 4 
Subjects and Methods
We reviewed the results of 688 consecutive carotid endarterectomies performed at Baystate Medical Center from 1971 to the present. Virtually all patients were operated on under general anesthesia; shunting was routinely used, as was heparin anticoagulation. Primary closure of the arteriotomy was most commonly employed, although patch closures with autogenous vein or synthetic materials were occasionally used. Endarterectomy was performed under local or regional anesthesia extremely rarely, and other types of monitoring such as intraoperative electroencephalography or cerebral blood flow measurements were not used. Completion angiography was rarely used, and intraoperative ultrasonic, imaging was not employed.
Results
There were 688 carotid endarterectomies performed in 612 patients; 76 patients had two operations. We excluded patients undergoing combined carotid and cardiac operations. Of the 688 endarterectomies, 408 (59%) were in men and 280 (41%) were in women. The patients' mean age at surgery was 64.4 (median 65), with a range of 27-87 years. There were 334 (49%) right-sided and 353 (51%) left-sided endarterectomies; one patient underwent bilateral endarterectomy. Five hundred sixty-two procedures (82%) were for symptomatic carotid disease; 126 (18%) were for asymptomatic disease or prophylaxis prior to other major surgery (Table 1) . Seven patients died, for a gross mortality rate of 1%. Five deaths were directly related to perioperative strokes, and two were caused by cardiac problems. Two of the five stroke deaths occurred in patients undergoing emergency surgery for progressive strokes, and one occurred in a patient with a fixed preexisting stroke. No patient undergoing surgery for asymptomatic disease or for prophylaxis died.
There were 31 perioperative strokes, for a gross stroke rate of 4.5% for the 688 endarterectomies ( Table 1 ). The incidence of perioperative stroke by the primary indication for endarterectomy is listed in Table 1 . Eleven of the 31 patients had no or a minimal, nondisabling residual neurologic deficit at discharge; 20 patients (2.9% of the 688 procedures) had moderate to severe deficits (major neurologic morbidity) resulting in long-term disability or death ( Table 2 ). The combined mortality/major neurologic morbidity rate (number of patients •*• number of endarterectomies) was 3.2%. Patients with progressive stroke were particularly vulnerable to perioperative stroke (4 of 7, 57.1%; p = 0.0001). Patients with completed stroke also incurred a (nonsignificantly) higher perioperative stroke rate (6 of 94, 6.4%). Patients undergoing surgery for asymptomatic disease or prophylaxis, including patients undergoing repair of a contralateral side subsequent to an original procedure, incurred an overall perioperative stroke rate of 2.4% (3 of 126). The perioperative stroke rate was higher for men than for women (4.7% vs. 3.9%) and for left-sided than for right-sided lesions (5.1% vs. 3.9%), but neither result was significant. Patients older than 80 years of age also had a higher perioperative stroke rate, but the numbers are too small for statistical significance (2 of 18, 11.1%). The overall complication rate, including minor complications, is 31.7% (Table 3) . Two patients developed perioperative myocardial infarction, three had unstable angina, and eight had significant cardiac rhythm disturbances; 46 patients (6.7%) had significant perioperative blood pressure abnormalities requiring control by vasoactive drugs. Eightyfour patients had minor complications such as hematoma, wound infection, urinary tract infection, and hypoglycemia. Forty-five patients (6.5% of the 688 endarterectomies) had 50 transient neurologic deficits that cleared completely and were not classified as a stroke. These 50 transient neurologic deficits are listed in Table 4 . Five patients underwent emergency reexploration because of postoperative neurologic deficits (one had a clearly identifiable problem directly related to the use of an indwelling shunt, and three continued to have cerebral transient ischemic attacks [TIAs] following surgery).
Both the stroke and mortality rates have steadily declined in successive 5-year periods ( Table 5 ). Since 1984, there have been no operative deaths in 148 endarterectomies performed and the stroke rate is 2.7%. Discussion The role of carotid endarterectomy in the prevention of stroke has generated a great deal of controversy. Critics decry the lack of prospective randomized studies and point out that the two such studies published have shown high morbidity and mortality rates for surgical patients. 1 On the other hand, numerous retrospective studies have been published reporting personal, institutional, multiinstitutional, or regional experience in carotid endarterectomy. These studies have been criticized because of their lack of controls and randomization. 5 Whereas excellent results have been reported from many centers, there is still great suspicion that only the good results of surgery are reported and that there is a much higher operative mortality/morbidity rate for the country as a whole than for specialized centers or for surgeons with vast experience. 6 The first major randomized study of surgery for extracranial vascular occlusive disease was reported by Fields et al in 1970. 7 A series of 316 patients with TIAs and no neurologic deficits was selected from 1,237 patients randomized to medical or surgical treatment. In 169 surgical TIA patients, there were 13 strokes (7.6%) and six deaths (3.6%) compared with one stroke (<1%) and one death (<1%) in 135 medically treated TIA patients. In another randomized controlled study conducted in 1965 and reported by Shaw et al in 1984, 8 the surgical mortality (15%) and morbidity (25%) rates in the 20 surgical patients were so high that the study was abandoned. It should be noted, however, that both studies showed endarterectomy to be effective in controlling neurologic events in the relevant vascular territory after the immediate perioperative period with its attendant morbidity and mortality had passed.
If carotid endarterectomy is more effective than medical treatment in preventing further neurologic events, the question then becomes what constitutes acceptable morbidity and mortality rates for surgery. On the basis of the Joint Study, 7 Jonas and Hass 9 calculated that an acceptable combined mortality/morbidity rate should not exceed 2.9% to show significant superiority of surgery. Even though 2.9% was calculated from a single study performed when the results of surgery were not as good as they are now, this figure has come to be considered a benchmark against which the results of surgery must be measured. For asymptomatic patients, the criteria should be even more stringent. Chambers and Norris 10 have suggested that the annual stroke rate for asymptomatic patients must exceed 5% for carotid reconstruction to be justified.
Reports from several centers indicate that the results of endarterectomy are improving. In 1977, Easton and Sherman 11 reviewed 228 consecutive endarterectomies performed in Springfield, Illinois; the mortality rate was 6.6% and the stroke rate was 14.5%. The combined mortality/stroke rate for this series was 21.1%, and the authors suggested that these results are likely to be representative of those in many other community hospitals throughout the country. Modi et al 12 updated the Springfield report in 1983 with a study of the next 474 endarterectomies from the same institutions and found a mortality rate of 1.6%, a major stroke rate of 3.8%, and a minor stroke rate of 4.4%; combined major stroke/ mortality rate was 4.4%. Modi et al concluded that the better results may be due to better patient selection, better radiologic service, and better perioperative management. In another community-based study reported by Slavish et al in 1984," in 743 endarterectomies the mortality rate was 2.7%, the permanent stroke rate was 1.8%, and the temporary neurologic deficit rate was 3.5%; the overall permanent stroke/mortality rate was also 4.4%.
In a multicenter review from 46 institutions, Fode et al 14 reported 3,328 cases for 1981. There was a 2.5% risk of transient neurologic dysfunction and a 6% chance of stroke or death. The intrainstitutional combined major morbidity/mortality rate varied from These endarterectomies were all performed under local anesthesia, with a transient neurologic deficit rate of 0.75%, a permanent neurologic deficit rate of 0.9%, and a mortality rate of 0.67%. These recent studies have been criticized because they report the work of specialized centers or specialized groups of surgeons and may not reflect accurately the national experience outside these groups or centers. Dyken and Pokras 6 noted that 2.8% of patients undergoing carotid endarterectomy in nonfederal hospitals died. These authors estimated the perioperative stroke rate to be one to five times the mortality rate and expressed concern about this high combined mortality/morbidity rate.
There have been few population-based studies reported. The experience in Cincinnati 3 suggests that operative morbidity and mortality rates have declined as the incidence of carotid endarterectomy has increased. The perioperative stroke rate fell from 8.6% in 1980 to 5.1% in 1983-1984 ; the operative mortality rate fell from 2.8% to 2.3%. The combined stroke/mortality rate fell from 9.5% to 6.5%. However, 50% of those endarterectomies were performed on patients with asymptomatic carotid disease, and the surgical morbidity (3.7%) and mortality (2.4%) and the combined operative morbidity/mortality rate of 5.3% is considered excessive for asymptomatic patients.
Baystate Medical Center is a 915-bed teaching hospital associated with Tufts University School of Medicine. Baystate Medical Center is the largest hospital in western Massachusetts and provides approximately 40% of the hospital care for a population of approximately 800,000. It serves as a tertiary care center for the region, it is the major provider for indigent patients in western Massachusetts, and its patient population is a good cross section of the community at large. Baystate Medical Center maintains independent residency training programs in a number of specialties including internal medicine, general surgery, radiology, and ariesthesiology but none in neurosurgery or neurology. The patients in our study were operated on by 16 surgeons, equally divided between neurosurgeons and vascular surgeons. Evert though the background, training, and experience of the 16 surgeons varied considerably, the basic surgical techniques were quite similar.
There was no significant difference in the surgical results between the vascular surgeons and the neU* rosurgeons. We also found no significant correlation between surgical outcomes and the number of procedures performed. While there is obviously a learning curve for all procedures, the precise number of carotid endarterectomies required to maintain competence has proven to be elusive. 18 Our study confirms the increasing use of carotid endarterectomy at least in the latter part of the last decade and the early part of this decade. As in Cincinnati, mortality and morbidity rates have declined. The reasons for the decline are not clear, but better patient selection, better perioperative management, better control of blood pressure, and better use of antiplatelet drugs may all play a role.
In our study, endarterectomies performed for asymptomatic carotid disease had a lower perioperative stroke rate (2.4%) than the series as a whole. Those performed for completed or progressive stroke (14.7% of the series) contributed significantly to a higher combined mortality/morbidity rate and had a 2.9% mortality rate and a 9.9% perioperative stroke rate. Three of the seven (42.9%) deaths in our series occurred in this group, and 10 of the 31 strokes were in this group. The role of carotid endarterectomy in the management of patients with progressive stroke is not clear. Goldstone and Effeney 19 suggest that the outcomes of medical treatment are worse than those of surgery and that there is a role for aggressive surgical intervention, even though the mortality and morbidity rates in patients with progressive stroke will be higher than for neurologically stable patients.
In spite of the improvement in surgical results, there has not been a corresponding reduction in the controversy about the role of endarterectomy in preventing stroke because almost all the surgical studies reported have been retrospective and nonrandomized. 5 Furthermore, surgical studies are often not directly comparable because of differing definitions of stroke and differing analyses of other clinical end points.
There have been htfnierOus calls for randomized controlled studies, including some calls for requiring Surgeons to participate in such studies as a condition for reimbursement. 20 Even thd randomized studies that have been reported are subject to criticism. There is no doubt that a well-designed randomized study would be desirable and that such a study would be m6fe acceptable 1 now than it might have been a decade or two ago. However, many surgeons feel that withholding surgery from symptomatic patients mky be unethical and therefore a randomized study in symptomatic patie*nts hiay be difficult to conduct, EV6n if such a Study is conducted, the argurh6ht may not be settled if the recent Controversy surVounding the ExtrticfanialÎ ntracriWial Artery Bypass Study is ainy gtiide. 21 Wafldw 5 has revidwfed the evidence Cdncerhing carotid ehdkfterecfomV arid has' concluded that "there is riot sufficient data tb allow a rational decision as to \ vhftthef carotid eftdartereciomy does r by guest on September 28, 2016 http://stroke.ahajournals.org/ Downloaded from or does not increase the duration of survival free of stroke after TIA have developed in the carotid artery territory." Our study does not shed any light on this issue, and it is likely to be a long time before any definitive answers are forthcoming. For the immediate future, it seems clear that carotid endarterectomy will play an important role in the management of patients with extracranial cerebrovascular disease. Our study lends some support to the concept that carotid endarterectomy can be performed in institutions other than major university centers without exposing the public to excessively high morbidity and mortality rates.
